Two-dimensional surface display of functional groups on a beta-helical antifreeze protein scaffold.
We tested a disulfide-rich antifreeze protein as a potential scaffold for design or selection of proteins with the capability of binding periodically organized surfaces. The natural antifreeze protein is a beta-helix with a strikingly regular two-dimensional grid of threonine side chains on its ice-binding face. Amino acid substitutions were made on this face to replace blocks of native threonines with other amino acids spanning the range of beta-sheet propensities. The variants, displaying arrays of distinct functional groups, were studied by mass spectrometry, reversed-phase high performance liquid chromatography, thiol reactivity and circular dichroism and NMR spectroscopies to assess their structures and stabilities relative to wild type. The mutants are well expressed in bacteria, despite the potential for mis-folding inherent in these 84-residue proteins with 16 cysteines. We demonstrate that most of the mutants essentially retain the native fold. This disulfide bonded beta-helical scaffold, thermally stable and remarkably tolerant of amino acid substitutions, is therefore useful for design and engineering of macromolecules with the potential to bind various targeted ordered material surfaces.